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Individuals with autism spectrum disorder are known to have difficulties with learning 
motor tasks. Considering that performing motor tasks in virtual environment may be an 
engaging tool as adjuncts to conventional therapies, we aimed to estimate performance in 
tasks regardless of physical touch. Results showed that participants had more difficulty 
using the non-touch task, however, virtual training improved performance on the physical 
(real) task. This result indicates that virtual methods could be a promising therapeutic 








Autism spectrum disorder (ASD) is associated with persistent deficits in social 
communication and social interaction, including impaired multisensory integration which 
might negatively impact cognitive and motor skill performance, and hence negatively 
affect learning of tasks. Considering that tasks in virtual environment may provide an 
engaging tool as adjuncts to conventional therapies, we set out to compare motor 
performance between young people with ASD and a typically developing (TD) control 
group that underwent coincident timing tasks based on Kinect (no physical contact) and on 
Keyboard (with physical contact) environments. Using a randomized repeated cross-over 
controlled trial design, fifty young people with ASD and fifty with TD, matched by age 
and sex were divided into subgroups of 25 people that performed the two first phases of the 
study (acquisition and retention) on the same device – real or virtual – and then switched to 
the other device to repeat acquisition and retention phases and finally switched on to a 
touch screen (transfer phase). Results showed that practice in the virtual task was more 
difficult (producing more errors), but led to a better performance in the subsequent practice 
in the real task, with more pronounced improvement in the ASD as compared to the TD 
group. It can be concluded that the ASD group managed to transfer the practice from a 
virtual to a real environment, indicating that virtual methods may enhance learning of 
motor and cognitive skills. A need for further exploration of its effect across a number of 
tasks and activities is warranted.  
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Autism spectrum disorder (ASD) has a worldwide prevalence of 1–2% based on 
data from the latest large-scale surveys1. ASD is characterised by a qualitative deficit in 
communication and social interaction as well as a series of restricted, stereotyped and 
repetitive behaviours and interests2. According to Hill and Kearley (2013)3 the 
characteristics of ASD typically appear during the first three years of life and the disorder 
is one of the fastest growing neurobiological conditions in the world. One important 
 
 
consequence resulting from ASD is its impact on social functioning, which leads to a 
wide range of special needs4.  
As characteristic of the disease, people with ASD have difficulty in information 
processing and multisensory integration5, affecting cognitive6 and motor skills7, thereby 
impairing learning8, performance of different tasks and social communication. According 
to Stevenson et al. (2014)9, these difficulties are a consequence of hypo- and/or hyper-
responsivity to sensory stimuli. Emerging evidence suggests that people with ASD have 
selective deficits in integrating information across all sensory modalities (e.g., vision, 
hearing, touch and proprioception). This wide range of difficulties, which typically present 
in childhood, can impact the ability of people with ASD to acquire basic and important 
cognitive and motor skills required for typical lifelong development10. Besides the 
sensorial deficits, motor impairments have been commonly described in children and 
adolescents with ASD, such as lack of mimicry in abilities, interpersonal synchronization 
and motor coordination11, poor accuracy12, impairments in postural control13, 
motor impairments in balance, gait, and coordination as well as autism-specific 
impairments in praxis/motor planning14 and attentional engagement capacity15. These 
findings raise questions regarding development of motor control and proprioception in 
young people with ASD11 and suggest that new approaches should be considered in order 
to enhance motor performance. 
In order to minimize these motor difficulties, people with ASD are frequently 
placed in rehabilitation programs, and health care professionals are continuously seeking 
new methods to enhance engagement in the rehabilitation process. Thus, virtual reality 
(VR) has been suggested to help the development of motor skills in ASD both by 
improving reaction and movement time16 and simultaneously increasing physical activity17. 
Importantly, VR has emerged as an engaging and effective tool for improving combined 
motor and cognitive performance. It is also possible that VR can help to teach more 
complex integrated cognitive/motor tasks such as those involving planning and executive 
functioning including bus-taking, shopping and driving activities18, and can also train 
social cognition as an essential component of these interactions19. Although, there are still 
some questions about whether the engagement in VR tasks is due to its novelty and motor 
interaction, studies highlight that motivation and attention are important features of VR 
systems (besides ease of use) which may contribute to increased interest and involvement 
in the tasks20,21. Moreover, VR may provide a step change to improve acquisition of a 
number of community skills and may enable learning in a safe controlled environment, 
 
 
improving adherence and enjoyment22 and allowing the possibility of enhanced transfer to 
real-life behaviors23-27. 
The possible mechanism of using a virtual task to train cognitive and motor 
performance in ASD is based on an ecological approach to perception and action (see 
James, 1979)28 which suggests for each action, a specific information-movement coupling 
is mounted which is specific to the tasks and situation (Savelsbergh and Van der Kamp, 
2000) 29. Van der Weel et al. (1991)30 and De Mello Monteiro et al. (2014 and 2017)31,32 
found that people with disabilities find performing tasks using a physical interface easier 
than navigating a virtual environment. Since different tasks or situations require the 
exploration of different sources of information to control movement29 there is likely a 
difference in performing a similar task on a computer compared with a virtual 
environment33. Tactile feedback may interfere with other stimuli34,35, whereas virtual tasks 
use abstract and intangible interactions. It is therefore hypothesised that performing a task 
in a virtual environment may result in impaired performance in young people with ASD 
due to lack of tactile feedback. However, based on the study by Martins et al. (2016)36 the 
difficulty experienced in a virtual environment may create new motor strategies, enhancing 
the transfer of learning to other environments in young people with ASD32. 
Considering the possible benefits of using virtual devices, performance and transfer 
between learning environments were evaluated when young people with ASD and those 
with Typical Development (TD) used virtual (Kinect system) and real devices (Keyboard 
or Touch Screen). We set out to estimate performance in Kinect compared to Keyboard 





This study was approved by the research ethics committee of the University of São 
Paulo (CAAE: 55498016.1.0000.5390) and was registered in the clinicaltrials.gov data 
base with the following number identifier: NCT03254992. Design: Randomized repeated 




100 people were invited to participate and were classified into one of two groups. 
The ASD group consisted of 50 people aged between 7 and 15 years (11.3 ± 2.4, 38 male 
and 12 female). The TD group consisted of 50 people matched by age and sex to the ASD 
group and were recruited from a public school in the city of São Paulo. All participants 
signed the informed assent form and parents or the legal guardians signed the informed 
consent form. The ASD group had all previously been evaluated at the Integrated Psycho-
Pedagogical Support Group (GAPI) - Special Education School in São Bernardo do 
Campo, São Paulo, Brazil, an institution specialised in children and adolescents with 
invasive developmental disorders.  
Inclusion criteria included the following: (1) for the ASD group, people with mild 
and moderate degrees of autism diagnosed by a child neurologist and were evaluated by by 
researchers with a patient history, psychological assessment, communication evaluation 
and psychiatric evaluation; (2) between Grades 1 and 5 of elementary school.  
Participants were excluded if they did not understand the task (assessed through the 
ability of the participant to perform the task correctly after performing three attempts with 
explanation and demonstration of the evaluator) (14 exclusions), or who withdrew during 
the study (2 exclusions). 
Severity of autism was assessed by Childhood Autism Rating Scale (CARS), 
classified according to the following: a total score of 15–29.5 was considered ‘non-
autistic’, a score of 30–36.5 was considered ‘mild to moderate’ autism and a score of 37–
60 is considered ‘moderate to severe’ autism37. Additionally, a short form of the Wechsler 
Intelligence Scale for Children (WISC-III) (Campbell 1998) was used as a general 
intellectual screener for the subgroups with ASD. WISC-III has been shown as a valid 
measure of general intelligence38 and uses the following classification of the Intelligence 
Quotient (IQ): mild intellectual disability at 55–70, borderline intelligence at 70–85, 
normal intelligence at 85 or above, above average intelligence at 115–129, and superior 
intelligence at 130 or above39. Characterization of ASD subgroups as to this measure of 
general intelligence is shown in the Results section (Table 1). 
After inclusion and exclusion criteria, a simple randomization technique by 
computer-generated random numbers was used. Age, IQ, and CAR scores was 
continuously checked (at every 10 subjects allocated in each group) to assure homogeneity 





Coincident timing task 
For the data collection, a software game was created in partnership with the 
Information Systems Department at the School of Arts, Sciences and Humanities of 
University of São Paulo40. The game offers a coincident timing task and refers to the 
ability of the participant to perform a movement where the arrival of the hand (gesture or 
touching) at a target coincides with the arrival time of a moving object41. In the proposal of 
this work, the game requires that the participant try to move the avatar of his or her hand to 
coincide with the lighting of the last bubble (target bubble). As previously described by De 
Mello Monteiro et al. (2014)32 during the virtual task, they were instructed to ‘intercept’ a 
virtual bubble by doing a manual movement (i.e., a waving gesture) on a non-physical 
interaction device (Kinect), considered as device A. In the physical task in which the 
keyboard space button is pressed, participants were instructed to ‘intercept’ a falling virtual 
object as it reached the target by pressing a button on the computer (device B) or touching 
the touchscreen on the computer (device C).  
The magnitude and direction of error of each participant in anticipating or delaying 
the arrival of the light to the target was recorded by the software in milliseconds. The 
objective was to evaluate the time difference between the execution of the participant's 
response and the arrival of the object at the target location and the global temporal 
precision and therefore the coincidence-anticipation ability of time31,32,42. 
The software was programmed to provide a unique username for each participant 
where the following data was stored: participant name, date of birth, sex and name of the 
researcher. 
PROCEDURES 
Participants were placed comfortably in a chair that was adjusted according to their 
size and needs so that they were properly positioned to allow the task to be performed. 
Before starting, the task was verbally explained and a demonstration was offered by the 
examiner. The execution time was observed in each experimental stage and explained as 
follows: acquisition (A), retention (R) and transfer (T)43. A short-term motor learning 
protocol was used based on previous studies by Gidley Larson and Mostofsky (2008)44, 
Torriani-Pasin et al. (2013)45 De Mello Monteiro et al. (2014 and 2017)31,32 and Bonuzzi et 
 
 
al. (2017)46 The motor learning protocol was organised through blocks of five trials each to 
ensure appropriate and representative evaluation of the participants' performances. All 
participants took 20 attempts at acquisition (divided into four blocks), five attempts at 
retention (test was then performed after 5 minutes without contact with task) and five 
attempts at transfer (performed on task with touch screen). During the attempts, the 
bubbles simulated a movement of light falling with a total time of 5 seconds between the 
first and last bubble as proposed by Monteiro et al. (2014 and 2017)31,32. 
Participants used three interfaces for the same task: (A) Kinect for windows – 
virtual task (task of gesture, non-physical contact, with a more virtual environment) and 
(B) Keyboard – real task (task on space button on keyboard, with physical contact and a 
more real environment), considering acquisition and retention phases, and (C) Touch 
screen for the final transfer phase. For the transfer phase, a different interface was used due 
to it being used in the daily life of most of the population. The individuals in each group 
(ASD and TD) were divided into two sequences (quasi-experimental design, considering 
that the age and gender difference could influence the results) according to the order of the 
task: sequence A and sequence B. In sequence A, the task was performed in the virtual 
environment first by using Kinect followed by the task in the keyboard on acquisition and 
retention phases. In sequence B, the inverse process was performed, executing Keyboard 
first and then the Kinect on acquisition and retention phases. For both sequences the touch 
screen interface was used for transfer phase (Figures1 and 2). 
Figure 1. Representative design of the accomplishment of the coincident timing task in the 
use of the kinect interface. 
[figure 1 is here] 
A. Demonstration of error performed by the participant on each attempt (red light - unsuccessful). B. 
Demonstration of hit performed by the participant on each attempt (green light - successful). Main image is 
about an example of a participant performing the task on Kinect. 1. Performing the task on the touch screen 
interface. 2. Performing the task on the keyboard interface. 
 
Figure 2. Experimental design. 
[figure 2 is here] 
TD: typical development; ASD: autism spectrum disorder. 
DATA ANALYSIS 
Descriptive statistics; analysis was performed considering the dependent variables 
age, weight, Height and Body Mass Index. Multiple Analysis of Variance (MANOVA) 
was carried out in order to find out differences between ASD and TD groups and interface 
subgroups (A and B), with Least Significance Difference used as the post-hoc test (Table 
1). For the Intelligence Quotient and the Childhood Autism Rating Scale, independent 
 
 
sample t-tests were used for comparing subgroups A and B. For the variable sex, chi-
square test was used in order to compare distribution of males and females between 
subgroups A and B in both ASD and TD groups.  
The dependent variables used were timing errors (i.e., constant error (CE), absolute 
error (AE) and variable error (VE)). The timing error was defined as the time difference 
between the time the target bubble switched on (arrival time) and the time that the touch or 
the gesture was registered. Constant Error is the temporal interval (in milliseconds) 
between the arrival of the visual stimulus and the end of the participant’s motor response, 
the calculation was done by a simple arithmetic average of the error values, considering the 
algebraic sign (negative or positive) in a series of attempts and represents the timing of 
error (if it is late or early). AE is the measure of performance accuracy, which is the 
estimator of the probability that an individual responds within a range around a target, as 
calculated by taking the absolute value of each raw score and disregarding whether the 
response was early or late. VE is the timing error resulting from within-subject variability. 
It represents the consistency in a group of responses and is independent of the proximity of 
each trial to the designated target. The calculation considered the square root of the sum of 
the square of difference between each score and the individual CE mean divided by the 
number of trials47. 
Average blocks of five attempts were used, i.e. four acquisition blocks (A1–A4), 
one retention block (R) and one transfer block (T). The dependent variables were presented 
as mean and standard error and were submitted to a 2 (group: ASD, TD - between) by 3 
(interface: Kinect, Keyboard, Touchscreen - between) by 2 (sequence: real task first, 
virtual task first - within) by 2 (block - within) MANOVA with repeated measures on the 
last two factors. For the factor block, separate comparisons were made for acquisition (first 
acquisition block A1 versus final acquisition block A4), retention (A4 versus retention 
block R) and transfer (A4 versus transfer block T). Partial eta- squared (η²) was reported to 
measure effect size and interpreted as small (effect size >0.01), medium (effect size >0.06), 
or large (effect size >0.14)48. Post hoc comparisons were carried out using the LSD (least 
significance difference) test (p<.05).  
Finally, a regression analysis was performed in order to determine if IQ or CARS 
influenced on the improvement of performance, with the dependent variable being the 
difference between the last and first block of practice in both AE and VE ( A4 - A1). All 






Table 1 shows demographic data and comparisons for each of the subgroups. There 
were no significant findings for any of the variables assessed.  
Young people in the ASD group showed a mild/moderate degree of severity of 
autism as assessed by CARS and IQs ranging from mild intellectual disability to normal 
intelligence (Table 1).  
 
Table 1. Demographic data and comparisons for each of the subgroups. 
[table 1 is here] 
ASD: group with autism spectrum disorder; TD: group with typical development; ASD-A and TD-A: groups 
that started with Kinect; ASD-B and TD-B: groups that started with Keyboard; M: mean; SD: standard 
deviation; min: minimum value; max: maximum value; md: mean difference; l: lower bound of the 
Confidence Interval (95%) of the difference; u: upper bound of the Confidence Interval (95%) of the 
difference; n: sample size; BMI: Body Mass Index; IQ: Intelligence Quotient; CARS: Childhood Autism 
Rating Scale. *MANOVA was carried out in order to find out differences ASD and TD groups and interface 
subgroups (A and B) with Least Significance Difference as post-hoc test;** values presented regarding post-
hoc tests; † independent samples t-test comparing subgroups A and B; §chi-square test, probably the sample 
size was small to find significant results.  
 
In the following paragraph, results are divided by the phases of the motor learning 
protocol, i.e. Acquisition, Retention and Transfer (with motor performance measured in 
terms of CE, AE and VE). The values are represented as mean (m), mean difference (md) 
and Confidence Interval (CI) of the difference. 
ACQUISITION- A 
The MANOVA was done considering Constant Error (if movement was late or 
early), Absolute error (accuracy of movement) and Variable Error (precision of 
movement). The results revealed a significant effect for the blocks (F3, 94 = 2.9, p = 0.039; 
Wilks’ lambda = 0.915). Significant interactions were also found between Interfaces by 
Sequence (F3, 94 = 7.5, p < 0.001; Wilks’ lambda = 0.288) and Interface by Group by 
Sequence (F3, 94 =3.4, p = 0.022; Wilks’ lambda = 0.903). 
Main effects were found also for the ASD and TD groups, (F3, 94 = 8.3, p < 0.001; 
Wilks’ lambda = 0.791) and Sequence, (F3, 94 = 5.4, p = 0.002; Wilks’ lambda = 0.852). 
Separate follow-up repeated measures (RM-ANOVAs) for CE, AE and VE are reported in 
the paragraphs below.  
 
 
Constant Error- CE 
Figure 3 presents the CEs during acquisition on the Keyboard and Kinect interface 
tasks among the ASD and TD groups for participants who started the real task first 
compared to those who started the virtual task first. For the CE, only the effects for the 
Groups (ASD and TD), Sequence (real task first and virtual task first) and Interfaces 
(Keyboard and Kinect) were described in order to see the directional trend of movement 
(delay or anticipation). The ANOVA revealed a significant effect for Sequence (F1, 96 = 
13.1, p < .001, ŋ2 = 0.12), showing that all participants performing on either the real or 
virtual tasks first showed trends of a delay in movement, but the participants that 
performed on the real task first showed more of a delay (m= 511 ms) compared with the 
participants who used virtual task first (m= 305 ms; md (CI) = 206.4 (93.3, 319.5); 
p<0.001). No further effects were found. 
Figure 3. Constant error for all phases of the study by both groups, sequences and 
interfaces (mean and standard error). 
[figure 3 is here] 
K: kinect; KB: keyboard; TS: touch screen; TD: typical development; ASD: autism spectrum disorder; A: 
acquisition phase blocks (1 through 4); R: retention phase; T: transfer phase. 
Absolute Error- AE 
The pattern of AEs is illustrated in Figure 4. Significant effects were found for 
Blocks (F1, 96 = 4.6, p =0.035, ŋ2 = 0.05) and Groups (F1, 96 = 35.4, p< 0.001, ŋ2 = 0.27). 
These results mean that all participants from both ASD and TD group improved with 
practice, decreasing the AE from 771 ms on the first block of acquisition to 701 ms on the 
last block, and the ASD group presented a larger AE (m= 872 ms) than the TD group (m= 
600 ms). Interaction was found for Interface by Sequence, F(1, 96) = 211.3, p < .001, ŋ2 = 
.69. The post hoc comparisons showed that in both sequences, the AE was higher for the 
Kinect interface (i.e. virtual task first: Kinect interface: m=1004 ms and Keyboard 
interface: m= 400 ms; md (CI)= 603.7 (496.3, 711.1); p<0.001 / real task first: Keyboard 
interface: m= 515ms and Kinect interface: m= 1024ms; md (CI)= -508.8 (-616.2, -401.4); 
p<0.001). 
 In order to compare the performance on Keyboard considering the abstract task 
first, a Student’s t-test was used which found that the individuals who started on Keyboard 
 
 
had worse performance on acquisition blocks A1 and A4 (m= 515ms) compared to the 
group who started on the Kinect and then performed the task on Keyboard (m= 400ms; 
p<0.001). This result suggests that using a virtual task can benefit the performance in a real 
task in both ASD and those with TD. 
 
Figure 4. Absolute error for all phases of the study by both groups, sequences and 
interfaces (mean and standard error). 
[figure 4 is here] 
K: kinect; KB: keyboard; TS: touch screen; TD: typical development; ASD: autism spectrum disorder; A: 
acquisition phase blocks (1 through 4); R: retention phase; T: transfer phase. 
Variable Error- VE 
The VE during acquisition is depicted in Figure 5. ANOVA revealed significant 
main effects by Block, (F1, 96 = 5.2, p = 0.024, ŋ2 = 0.05) and Group, (F1, 96 = 23.4, p < 
0.001, ŋ2 = 0.20). However, these factors did significantly interact as attested by significant 
effects for Block by Group (F1, 96 = 4.4, p = 0.039, ŋ2 = 0.04). Post hoc comparisons 
indicated that the ASD group had a significantly decreased VE with practice from A1 to 
A4 (m= 816 ms to 614 ms; md (CI) = 202.2 (72.7, 331.7); p=0.003), while for TD group 
this difference did not occur (m= 394 ms to 385 ms; md (CI) = (72.7, 331.7); p=0.003). 
Results showed interaction for Interface by Sequence. Similarly to AE, the post hoc 
test for VE showed that for both sequences, the VE was higher for the Kinect interface (i.e. 
virtual task first: Kinect interface: m=874 ms, and Keyboard interface: m= 294 ms; md(CI) 
= 580.7 (438.9, 722.5); p<0.001 / real task first: Keyboard interface: m= 293 ms, and 
Kinect interface: m= 748 ms; md (CI) = -454.9 (-313.1, -596.7); p<0.001). 
Figure 5. Variable error for all phases of the study on both groups, sequences, and 
interfaces (mean and standard error). 
[figure 5 is here] 
K: kinect; KB: keyboard; TS: touch screen; TD: typical development; ASD: autism spectrum disorder; A: 
acquisition phase blocks (1 through 4); R: retention phase; T: transfer phase. 
 
RETENTION - R 
Figures 3, 4 and 5 also present the timing errors during acquisition and retention 
regarding Constant Error (if they had anticipated or delayed movement), Absolute error 
(accuracy of movement) and Variable Error (precision of movement). No distinct 
differences in the pattern of errors in the final acquisition and retention blocks were 
 
 
apparent. Accordingly, MANOVA and ANOVAs did not reveal any significant main 
effects or interaction when comparing the final acquisition block A4 and the retention 
block R for the constant, absolute and variable error. 
However, a significant main effect for Group was found for AE (F1, 96 = 24.1, p < 
0.001, ŋ2 = 0.20). The ASD group presented a larger Absolute Error (AE) (m= 820 ms) 
compared with the TD group (m= 582 ms). For Variable Error (VE), an effect for Group 
was also found (F1, 96 = 15.1, p < 0.001, ŋ2 = 0.14), and similarly to the AE, the ASD group 
had a larger VE (m= 605 ms) than the TD group (m= 368 ms). In addition, considering CE 
all participants maintained a directional trend for delayed movement. 
TRANSFER- T 
The MANOVA was performed considering Constant Error (directional trend, if 
movement was late or early), Absolute error (accuracy of movement) and Variable Error 
(precision of movement). The results revealed significant effects for Group (F3, 94 = 12.6, p 
< 0.001; Wilks’ lambda = 0.713), Sequence (F3, 94 = 17.9, p < 0.001; Wilks’ lambda = 
0.635) and Interface, (F3, 94 = 3.8, p = 0.013; Wilks’ lambda = 0.893). Significant 
interactions were also found for Block by Sequence, (F3, 94 = 8.7, p < 0.001; Wilks’ lambda 
= 0.783), Block by Group, (F3, 94 = 2.6, p = 0.05; Wilks’ lambda = 0.923) and Interface by 
Block by Sequence (F3, 94 = 64.9, p < 0.001; Wilks’ lambda = 0.326). Separate follow-up 
RM-ANOVA’s for CE, AE and VE are reported in the paragraphs below. 
Constant Error - CE 
 The results for CE showed a significant effect for Sequence (F1, 96 = 21.1, p < 
0.001, ŋ2 = 0.18). This shows that all participants had a trend for movement delay, but the 
participants that used the real task first presented more delay (m= 530 ms) than the 
participants who used virtual task first (m= 303 ms). No further effects were found (Figure 
5). 
Absolute Error- AE 
 For the AE, there was a significant interaction for Sequence, Interface and Block (F 
1, 96 = 164.5, p < 0.001, ŋ2 = 0.63). The post-hoc tests show that when individuals 
 
 
performed sequence A (virtual task first), the AE increased significantly from A4 at the 
Keyboard interface (m = 419ms) to T at the Touch screen interface (m = 661ms md (CI)= -
242.0 (-361.7, -122.3); p<0.001). However, for the individuals who performed sequence B 
(real task first), the AE decreased from A4 at the Kinect interface (m = 947 ms) to T at the 
Touch screen interface (m = 545ms; md (CI) = 402.7 (283.0, 522.4). 
 In addition, separate comparisons were made between transfer blocks in order to 
assess in which sequence the individuals presented better transfer. The post-hoc test found 
that the transfer block presented a smaller AE in the sequence B (real first, m= 804 ms) 
compared to sequence A (virtual first, m= 656 ms; md (CI) = 158.5 (22.9, 294.1)), yet only 
for ASD group. 
 Another comparison was made to verify if the first task influenced the initial 
performance of the second task, and the first acquisition blocks of the same interface were 
then compared between sequences (for example, A1 Kinect of sequence A versus A1 
Kinect of sequence B). The results demonstrated significant differences for the ASD group 
between blocks A1 for the keyboard interface in sequence A (m = 475 ms) and sequence B 
(m = 718 ms; md (CI)= -242.8 (-375.6, -109.9); p<0.001). This difference was not 
significant for the TD group, nor for the Kinect interface in both groups (Figure 4). 
 These results suggest that practice with the Kinect interface promoted better 
transfer of performance to the touch screen interface. However, practice with the keyboard 
interface did not promote improved transfer to the touch screen interface. In addition, 
practice in the Kinect interface (more virtual environment) promoted better performance in 
the keyboard interface (more real environment) but only for people with ASD. 
Variable Error - VE 
 Similar to the AE, there was a significant interaction for Sequence by Interface by 
Block in the VE (F1, 96= 81.5, p <0.001, ŋ2 = 0.46). Post-hoc tests showed that the 
individuals who performed sequence A (virtual task first) when performing the second task 
at the keyboard interface, VE increased significantly from A4 (m = 255 ms) to T in the 
touch screen task (m = 452 ms; md (CI) = -196.9 (-361.1, -32.7); p=0.019). For those who 
performed sequence B (real task first), the VE decreased from A4 in the Kinect interface 




 The regression analysis did not show any significance. This result means that IQ 
and CARS scores did not have an influence on the improvement in performance ( A4 - 




 The present study investigated the influence of task practice in a real environment 
(with physical contact - more real characteristics) and virtual (non-physical contact - more 
virtual characteristics) in people with ASD. In line with our original hypothesis that young 
people with ASD may perform less well in virtual environments16, our findings confirm 
previous studies that evidenced better performance (both in terms of precision and 
accuracy) in physical environments when carrying out short term activities in both the 
ASD and TD group. However, considering higher engagement and enjoyment with using 
virtual environments, our study is the first to observe that task practice in the virtual 
environment resulted in an improvement in both accuracy and precision in subsequent 
practice in the real environment, and this was more pronounced in the ASD group. Another 
important finding is that people with ASD performed all tasks slower and with more error 
compared to the TD groups, showing an increased level of difficulty which was 
particularly apparent in the virtual environment.  
 Regarding practice of the task (acquisition phase), both the TD and ASD groups 
who practised the task in the real or virtual interfaces improved performance in the 
acquisition phase (from the beginning to the end of the practice), demonstrating that both 
interfaces can be used to promote improvement of performance. Moreover, considering the 
comparison between tasks, we found that all participants performed better using the 
keyboard. This observation may be due to greater tactile sensory feedback during real tasks 
which aids in improving performance32,36. Gidley Larson and Mostofsky (2008)44 
reinforced these findings and showed that people with ASD may have a preference for 
reliance on proprioceptive information, such as that provided by tactile input, to guide the 
acquisition of new patterns of movement. Marko et al. (2015)10 applied an elementary 
motor learning task in which reaching movements were perturbed and found that children 




 In addition to possible deficits in proprioception, people with ASD demonstrate 
more variable patterns of functional difficulties and responsiveness to sensory events49. 
This altered sensory processing (auditory, visual, tactile and movement) is suggested to 
affect participation in everyday activities including physical activity50,51 and the learning of 
new concepts52. Moreover, sensory processing patterns may be associated with preferences 
for different activities53 and the level of difficulty (considering individual experiences). 
Thus, an increased level of difficulty in tasks due to lower proprioceptive or tactile 
feedback, altered visual interaction and the higher movement demand from the Kinect 
interface, may all promote different sensory processing patterns causing difficulty in 
performing the task. 
 The observation that participants with ASD performed worse in the environment 
without physical contact when compared to the physical contact environment can be 
interpreted considering the “speed and accuracy” trade-off, which proposes that the more 
difficult the task, the higher the time to complete it (i.e, worse performance during 
practice). Similar findings have been consistently reported in people with disabilities 
during a virtual task55-56. However, this difficulty in the VR task promoted performance 
gains, with better execution in the following real task in people with ASD, as demonstrated 
by the results of both sequences. 1-Sequence A (people with ASD who performed a virtual 
task first): presented worse performance during VR practice (first practice), and better 
performance during the second practice on real task (Keyboard), but no transfer to the 
following different real task (touch screen), and 2- Sequence B (people with ASD who 
performed a real task first) presented better performance during real practice (first practice) 
but worse performance during the second practice (virtual task) and better transfer for the 
following different real task (touch screen). Thus, in summary, this is a significant finding 
because after a more difficult task (virtual task) the ASD group presented better 
performance in the following real task (keyboard or touch screen).  
 Saiano et al. (2015)27 corroborated the present findings by comparing the efficacy 
of a virtual interface (Kinect) and real interface (gamepad) with an integrated environment-
based approach to teach safety pedestrian skills techniques for adults with ASD. The 
authors observed that the two interfaces did not show differences in the learning outcome; 
however, the transfer to real life situations (evaluated by two questionnaires) proved to be 
more effective in the group that underwent training with Kinect.  
 
 
 In the comparison of anticipation and delay of movement (constant error), for all 
phases of the protocol in both sequences, it was observed that all participants presented a 
tendency to have a delayed response during the task, regardless of the interface; but this 
delay was observed more often in the virtual task. It can be speculated that the level of 
difficulty during the accomplishment of the task when using the Kinect was greater, as 
even the TD group maintained a greater constant error. Chung et al. (2015)57 found that for 
some people with motor skill difficulties, Kinect was less able to detect fine movements 
due to the system's measurement limitations and therefore questioned whether the system 
could be used as an accessibility device capable of facilitating voluntary movement of the 
upper extremities. This idea may justify the tendency for greater delay of movement during 
the task when using the Kinect since the system is less sensitive at capturing fine 
movements. 
 Considering the comparison between ASD and TD groups, regardless of the phase 
of the protocol, the TD group always maintained a better performance than the ASD group. 
Moreover, it is also important to emphasise that the TD group reached a potential “ceiling 
effect” since the beginning of the task, as the results show an excellent performance 
throughout the protocol. Johnson et al. (2013)58 observed that, although the response time 
was not different between people with ASD and TD, the correlation with manual dexterity 
and overall motor performance showed that there was a lack of precision during the tasks 
applied to people with ASD, demonstrating that motor deficits are observable and 
characterise the symptomatology of these conditions. Studies using a coincident timing 
task with a control group (TD) and other diseases with altered posture and movement also 
verified better performance in the control group. Torriani-Pasin et al. (2013)45, De Mello 
Monteiro et al. (2014 and 2017)31,32 and Bonuzzi et al. (2017)46 found that the TD group 
was more efficient in sequences and errors.  
 This knowledge is important for multidisciplinary rehabilitation teams to 
effectively organize an intervention program using technology to enhance learning whilst 
maintaining enjoyment. As previously proposed by De Mello Monteiro et.al. (2014)32, we 
do not know if this would also be true for other across-task transfers from the virtual to 
natural environments and after more prolonged training periods. Future work should 
scrutinise this possibility. 
 One of the limitations of this study is the lack of information about previous 
participants computer’s keyboard, Kinect and touch screen experience, which could have 
 
 
biased the results somehow. A second limitation is that we used different devices and did 
not analyse specific patterns of movement during practice, as Kinect and Touchscreen 
were in a vertical position and Keyboard in a horizontal position. Moreover, each device 
required different ranges of movement. However, the study of Portnoy et al. (2015)59 
showed that vertical and horizontal digital tasks differ regarding muscle activation patterns, 
yet this did not affect performance results. We believe that the pattern of movement 
analysis could provide some interesting results for discussion and is important to be 
considered for further studies. A third limitation is that we organized a short-term motor 
learning protocol with only one day of practice and those results could not be generalized 
as a training protocol, but can be considered as an indication of the influence of Virtual 
environment to promote better performance to a real task and a long-term protocol should 
be organized in the future. A fourth limitation is that we could not evaluate the IQ from the 
control group, and we cannot rule out the possibility that this may have generated 
speculation about the different results between ASD and TD groups. However, the 
regression analysis showed no influence of the IQ (and CARS) in the performance for the 
ASD group, and, it is also important to emphasise that we were very careful to maintain the 
homogeneity of the groups of comparison (as shown in Table 1), so we can suppose that 
the difference between groups represents their performance.  
 Thus, we can conclude that using the task in the current study, people with ASD 
improved their performance regardless of the stimulated environment, but with worse 
performance as compared to the TD group. Importantly, the ASD group managed to 
transfer the practice from a virtual to a real task, which indicates virtual environments may 
enhance learning of movement in this group. A need for further exploration of its effect 
across other tasks, training protocol and activities is warranted.  
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LEGENDS OF FIGURES 
Figure 1. Representative design of the accomplishment of the coincident timing task in the 
use of the kinect interface. 
 
A. Demonstration of error performed by the participant on each attempt (red light - unsuccessful). B. 
Demonstration of hit performed by the participant on each attempt (green light - successful). Main image is 
about an example of a participant performing the task on Kinect. 1. Performing the task on the touch screen 
interface. 2. Performing the task on the keyboard interface. 
 
Figure 2. Experimental design. 
 
TD: typical development; ASD: autism spectrum disorder. 
 
Figure 3. Constant error for all phases of the study by both groups, sequences and 
interfaces (mean and standard error). 
 
K: kinect; KB: keyboard; TS: touch screen; TD: typical development; ASD: autism spectrum disorder; A: 




Figure 4. Absolute error for all phases of the study by both groups, sequences and 
interfaces (mean and standard error). 
 
K: kinect; KB: keyboard; TS: touch screen; TD: typical development; ASD: autism spectrum disorder; A: 
acquisition phase blocks (1 through 4); R: retention phase; T: transfer phase. 
 
Figure 5. Variable error for all phases of the study on both groups, sequences, and 
interfaces (mean and standard error). 
 
K: kinect; KB: keyboard; TS: touch screen; TD: typical development; ASD: autism spectrum disorder; A: 
acquisition phase blocks (1 through 4); R: retention phase; T: transfer phase. 
 
Table 1. Demographic data and comparisons for each of the subgroups. 
 
ASD: group with autism spectrum disorder; TD: group with typical development; ASD-A and TD-A: groups 
that started with Kinect; ASD-B and TD-B: groups that started with Keyboard; M: mean; SD: standard 
deviation; min: minimum value; max: maximum value; md: mean difference; l: lower bound of the 
Confidence Interval (95%) of the difference; u: upper bound of the Confidence Interval (95%) of the 
difference; n: sample size; BMI: Body Mass Index; IQ: Intelligence Quotient; CARS: Childhood Autism 
Rating Scale. *MANOVA was carried out in order to find out differences ASD and TD groups and interface 
subgroups (A and B) with Least Significance Difference as post-hoc test;** values presented regarding post-
hoc tests; † independent samples t-test comparing subgroups A and B; §chi-square test, probably the sample 
size was small to find significant results.  
 
